Antimicrobial proteins are considered to be of interest in food biocontrol, agricultural biotechnology and for the treatment of bacterial infections since they constitute an alternative to classical low molecular weight antibiotics. One group of enzymes generating hydrogen peroxide are the L-amino acid oxidases (LAOs), which oxidize L-amino acids, releasing the corresponding keto-acid and ammonium in addition to hydrogen peroxide. The melanogenic marine bacterium Marinomonas mediterranea synthesizes a novel antimicrobial protein (LodA) with lysine-epsilon oxidase activity (EC 1.4.3.20). LodA seems to contain a quinonic cofactor and is very specific for L-lysine, catalyzing the reaction: L-lysine + O 2 + H 2 O → 2-aminoadipate 6-semialdehyde + NH 3 +H 2 O 2 . Homologues to LodA have been detected in several Gram-negative bacteria, where they are involved in biofilm development.
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We have obtained crystals of the recombinant LodA protein that belonged to the monoclinic P2 space group. These crystals diffracted up to 2.4 Å in a synchrotron source. The asymmetric unit presented a homodimer. The monomer is made up by 726 amino acids of which only the first 686 are visible in the crystallographic structure, the missing amino acids corresponded to the C-terminal region of the sequence. The structure of the monomer showed the presence of a central core with three different domains (according to its secondary structure), a first domain made up by three beta-sheets, a second made up by alpha-helices, and a third that do not present much ordered secondary structure. Coming out of this central core there are two long pleated beta-sheets (36 and 24 amino acids) that embrace the other monomer giving stability to the crystallographic dimer. The observation of the crystallographic contacts suggests that the biological unit might be a tetramer, this point has to be confirmed by other experiments.
The quinonic cofactor that takes part in the catalytic reaction is made up by a cysteine bound to a modified tryptophan forming a cysteine tryptophylquinone. The active site is located on one side of the central core, and at the same side where the pleated beta-sheets protrude to interact with the other monomer. This geometry will allow the small substrate to diffuse easily into the interior of the active site, but will hamper any bigger substrate containing L-lysine (polypeptide or protein) from entering the active site. In order to gain a better understanding of the maturation process, we have determined the crystal structures of the HypC-HypD (HypCD) and HypC-HypD-HypE (HypCDE) complexes, 2.55Å and 2.25Å resolution, respectively. In the HypCD complex, HypC is bound to the conserved region of HypD through extensive hydrophobic interactions and several hydrogen bonds. HypD undergoes an induced fit conformational change to recognize the β-barrel domain of HypC. In the HypCDE ternary complex, the HypCD complex is loosely bound to each C-terminal side of the HypE dimer using a hydrophobic anchor. The HypC N-terminus and HypE C-terminus, which contain essential cysteine residues, can access the HypD conserved motifs, including a thiol redox cascade. These results provide a structural basis for Fe atom cyanation by the thiol redox cascade in the transient HypCDE complex. The crystallization of NaClO 3 in supersaturated boiling solutions leads to a strong bias of enantiomorphic crystals of the same chiral sign, which in the range of the experimental errors cannot be distinguished from that of a homochiral crystal mixture [1] . The crystallization reactor is a closed system but with a temperature gradient between the walls of the reactor and the air/liquid interface that entails an intense recycling of the sub-critical nuclei formed during the induction period of the primary nucleation in the bulk. During this period, the evolution of the population of sub-critical nuclei takes place without any other noticeable crystal growth process. The fast evolution of a myriad of supercritical nuclei and the immediate separation of the crystals formed excludes secondary nucleation and Ostwald ripening as the cause of the transition towards chirality in these experimental conditions. Therefore, the evolution towards homochirality should be attributed to the primary nucleation process. The bifurcation towards a stationary homochiral state is a consequence of the instability of the system due to the chiral recognition of enantiomorphic solid phases as thermodynamically distinguishable entities and the absence of degrees of freedom when P and T are fixed in the 2-component system (compound and solvent). Analysis of the chiral composition of the crystal mixture obtained from samples of boiling solutions of NaClO 3 indicates that symmetry breaking towards homochiral compositions may begin in the metastable stage preceding crystallization, i.e. at the level of subcritical clusters. The general thermodynamic conditions for such a spontaneous mirror symmetry breaking are discussed.
